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role in the production, distribution, and cycling of methylarsenic compounds in freshwaters.
40
In this review, recent reports on the influence of eutrophication on distribution, speciation,
41
and bioaccumulation in freshwaters are discussed.
Introduction 51
Arsenic (As) is the 20 th most abundant element in the earth's crust (Woolson, 1975) conditions (Andreae, 1986; Cullen and Reimer, 1989) . In freshwaters, the dominant inorganic
81
As is incorporated in microorganisms such as phytoplankton, and is converted to (Table 2 ). The persistent input of soluble As into Moira Lake indicates the existence of a 155 continuous source of As (Azcue and Nriagu, 1995) .
156
In common with river waters, As concentrations in lake waters are also influenced by 157 geothermal inputs and mining activities (Smedley and Kinniburgh, 2002 and are also significant species in highly productive freshwaters (Andreae, 1979 does not allow the determination of arsenobetaine and arsenocholine and, therefore, is not 244 usually considered for As speciation analysis in biota.
245
The extraction and clean-up procedures comprise a crucial step when biota samples are is readily oxidized to more stable As V form in oxic waters (Francesconi and Edmonds, 1996) .
265
The microbial 'ArsC' As V reductase protein (a small protein of 13-16 kilodaltons) mediates 266 the reduction of As V to As III (Lloyd and Oremland, 2006).
267
Positive correlation between As III concentration and primary productivity reveals that 268 phytoplankton and algae are important agents in the transformation of As V in the aquatic 269 systems (Andreae, 1978 (Andreae, , 1979 Bay, Florida, USA) though it was typically between the ranges of 10-20%. Similar results
308
were also reported by Andreae (1978) in some freshwater samples, but the percent 309 concentration ranges were much lower (< 10% of the total As) than those of the previous Kiba (Japan). In most samples of Lake Biwa and Lake Kiba, the concentrations of MMAA 313 were lower than the instrumental limit of detection. with increasing depth. The methylarsenic concentrations decreased to that of the detection 321 limit near the bottom of the photic zone, and neither of DMAA nor MMAA was occasionally detected in trace concentrations in deeper waters (Andreae, 1978 (Andreae, , 1979 and MMAA in the water were 0.07-0.38 and 0.16-0.42 µg l -1 , respectively.
336
The occurrence of methylarsenicals in freshwaters is mediated by some aquatic 337 organisms. Some species of algae involved in As methylation, and the ability of methylation 338 differs among species (Sanders, 1983 ).
393
The chl-a content in surface waters has been considered for the determination of 394 phytoplankton density which is influenced by phosphorus input in aquatic systems (Carpenter 395 et al., 1996). Therefore, chl-a content in surface water is considered as an important factor in 396 trophic classification of aquatic systems. Based on the amount of phytoplankton density (chl- 
Distribution of As species in lake waters in relation to eutrophication

436
In freshwater systems, the proportions of As species vary with anthropogenic input of
437
As and biological activity. We investigated the concentrations and distribution of As species 
445
The insignificant correlation between chl-a and DMAA in field studies does not 446 concur with the direct excretion of DMAA by phytoplankton (Anderson and Bruland, 1991).
But recent As speciation studies using UV photolytic decomposition and the modified 448 technique of hydride generation method (CT-HG-AAS) (Hasegawa et al., 1994) showed that 449 the concentrations of UV-labile fractions of As (UV-As) and UV-DMAA (hidden As)
450
correlate with that of DMAA in eutrophic lakes (Hasegawa et al., 2009 ). The UV-As, UV-
451
DMAA and DMAA appeared in the summer although they disappeared in the winter, and the 452 production of these UV-labile fractions of As species was related to the biological activity.
453
The UV-As and UV-DMAA fractions of As species derived from colloidal and particulate Japan and observed that the total As concentrations in summer were higher than that in winter 485 in both eutrophic and mesotrophic lakes ( 
500
With few exceptions, the concentration of UV-As was higher in highly eutrophic lakes 501 than in low-eutrophic lakes during summer (Fig. 1A) , while DMAA concentration was higher 502 in low-eutrophic lakes during winter than in summer (Fig. 1B) . The occurrence of DMAA has water temperature in Lake Biwa, Japan. Hasegawa (1996) reported that the concentration of
508
DMAA follows the rise of water temperature in estuarine waters. exposures (e.g. increasing concentrations from algae, to zooplankton, to forage fish, to 540 predator fish) (Henry, 2003) . pH, presence of other metals and sediments particles (Caussy, 2003) . weights, which were about 6%, 12%, 7%, and 5% of the total As contents, respectively.
570
Although biomagnification of As in the aquatic food chain is rare (Henry, 2003) , it 571 has been reported in fishes (Maher and Butler, 1988) and gastropods (Goessler et al., 1997) mainly as Arsenobetaine, a rapidly eliminated and thus non-toxic form of As, which poses 573 minimal health problems for humans (Caussy, 2003; Maher et al., 1999 
Conclusion:
617 Although most of the previous studies related to aquatic As focused mainly on As 618 distribution, speciation, and bioaccumulation in seawaters and river waters, we investigated 619 the distribution, speciation, and the seasonal variations of As species in lake waters in relation 620 to eutrophication over the last couple of years. Eutrophication promotes biological activities 621 in freshwaters, which affect the distribution and speciation of As in these systems. Total As concentration was higher in eutrophic lakes than in mesotrophic lakes. Methylarsenicals are 623 higher in oligotrophic and mesotrophic lakes while the UV-labile fraction was higher in 624 eutrophic lakes. Our results also reveal that the conversion of inorganic and methylarsenicals 625 to more complex organoarsenicals is higher in eutrophic lakes than in mesotrophic and 626 oligotrophic lakes.
627
We also found obvious differences in the occurrence of As species in lake waters 628 between summer and winter. With few exceptions, the concentrations of organoarsenicals 629 were higher in summer than in winter. It was also observed that the percentage of distribution and speciation in freshwaters of these regions.
645
It has been elucidated from our studies that aquatic organisms, especially the 
